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Expected Drill Bit Temperature During
Sample Taking in Single Shell Tanks

Introduction

The waste in several single-shell tanks are to be characterized, This
characterization requires samples of the waste be obtained. The samples
are planned to be taken by using a drilling rig to take 20 inch sample
cores. A determination of the expected drill bit temperature was needed
for the Safety Analysis Report (SAR). This work addresses some temperature
questions that occurred in the gevelopment of the SAR for the waste tank
core sampling {to be released as SD-WM-SAR-007).

Summary

Sampling of waste in single-shell tanks is to be done using the tank core
sampling equipment. A core drilling rig will drill into the waste to
retrieve samples. The bit temperature is important because some of the
tanks contain ferrocyanide that could undergo an exothermic reaction if
temperatures significantly exceed 3000C (572CF). Heat generation rates
were calculated as a function of appilied hydraulic prassure, which is used
to increase the downward force on the drill bit, drill rpm, and the
friction factor. This heat generation rate was used in a HEATINGS heat
transfer model to determine the expected heat rise. Assuming a sliqipg
friction factor, the maximum hydrauljc pressure, and 500 rpm. the drill bit
temperature will not increase more than 1030C, This temperatu i i
the Tatest tank temperature data show_that no tanks will exceed the 3000C
(5729F) 1imit (See 1ables T and 2).

Discussion

To calculate the temperaturs of the drill bit requires that the heat
generated by the action of the bit be determined. It was assumed that all
of the energy needed to turn the drill was converted to heat. In Appendix
A is an equation for calculating the heat generated. Heat generated by the
drill bit is related to the friction factor, the hydraulic pressure applied
to the bit, and the rpm of the drill.
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The analysis assumed values of friction factor for a worst case of running
the drill into the bottom of the tank. This condition was assumed because
the friction factor is expected to be higher for steel on steel as opposed
to steel on waste. The friction factor used for the drill turning and then
touching the bottom was .12. This friction factor is for sliding greasy
conditions. Greasy conditions apply when two rubbing surfaces are
separated by a very thin film of lubricant. This kind of condition would
be expected to exist because of the tanks are not totally dry and the bit
will be turning when it touches the bottom of the tank. For dry (non
greasy) conditions, the sliding friction factor would be .4l.

For the case of having the drill bit sitting on the bottom and then
starting to spin the drill, the friction factor is .23. For dry
conditions, the static friction factor would .78. The static fricfion
factors are for static conditions which would not apply after the drill
starts to move. This condition would only exist for a few seconds after
torque was applied to the drill string.

The hydraulic pressure is used to create additional downward force on the
drill bit. The pressure is applied directly te rams which in turn create a
downward thrust on the bit. A maximum of 2000 psi can be applied to the
bit by the way of two 2-inch rams. The drill bit temperature was
calculated for various applied hydraulic pressures from 0 to 2000 psi. Two
drill speeds were considered: 500 rpm and 200 rpm. The analysis assumed
that the drill would be running against the bottom for between 1 and 6
minutes (this is expected to be conservative especially for the cases using
static friction factor since static conditions only exist for a few
seconds. )

The various heat generation rates calcuiated were used in a HEATINGS heat
transfer model to determine temperature increase as a function of the heat
generated by the bit. The assumptions and simplifications used for the
HEATINGS heat transfer model are outlined in Appendix B. The heat transfer
up the drill string was included in the heat transfer model. The model did
not include the effect of air or fluid that will be fed down the drill
string.

The temperature rise versus heat generation rate was used to determine the
temperature of the drill bit. Calculations of the heat generation and the
results of temperature rise are shown in Appendix A.
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Results )

Using various applied hydraulic pressures and sliding friction factors,
the bit temperature increase can vary from 0 to 1039C (0 to 1739F), see
Table A.1 and A.2 in Appendix A. Table 1 shows the expected bit
temperatures for all the tanks to be sampled assuming that the full
hydraulic pressure {2000 psi} is applied to the drill bit, the drill was
turning at 500 rpm for 6 minutes and the friction factor js for sliding
conditions - greasy and dry. Under greasy conditions, the drill bit
temperature would rise by 300C. For the hottest tank, the temperature of
the drill bit would reach 1009C. If the single-shell tanks are totally
dry, the temperature rise would be 1039C, causing the bit to reach 1739C
for the hottest tank. Table 2 is for 300 psi applied hydraulic pressure,
200 rpm and drill spinning of one minute with friction factors for sliding
conditions. The temperature rises are 1 and 30C for greasy and dry
situations, respectively.

Conclusion

The results of the calculations show that drill bit temperatures will not
cause ferrocyanide to undergo an exothermic reaction. In the worst case of
trying to drill through the bottom of the tank and applying full pressure,
the drill bit temperature will be 100 and 1739C for greasy and dry sliding

conditions, respectively. These temperatures are well below the 300°C
temperature limit.
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Tank

Number

Maximum Tank
Temperature

oF

Friction Factor

BY-104
BY-105
8Y-106
BY-107
BY-108
BY-110
BY-112

C-101
C-108
C-109
C-111
c-112

T7-101

TY-101
TY-102
TY-103
TY-104
TY-105
TY-106

158
133
140
90
99
140
93

oc

TABLE 1

Bi£ Temp,

i Atk .::“.‘,th‘.;‘,l':‘k‘-ﬂ'wsEJ'-I,\.'\\'?‘.‘.'( ""'t‘”.’-"ﬁ?l"‘!f-.'ﬁ'-k’-“ NIRRT e st anss

oC

2000 psi Applied
300 rpm for 6 min.

S1iding Condition Date of
Graasy Dry Measurement
.12 41

100 173 3/063/85
86 159 4/01/85
20, 163 4/01/85
62 T 136 10/07/78
67 141 3/05/85
9Q 163 5/17/85%
54 137 6/21/81
58 132 1/15/85
58 132 8/05/83
61 134 8/05/83
58 132 8/05/83
56 129 8/05/83
52 126 5/10/83
50 123 11/13/83
48 122 11/13/83
54 128 2/07/81
50 123 11/13/83
62 135 11/13/83
50 123 11/13/83
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TABLE 2
Bit Temp, OC
300 psi Applied & 200
Maximum Tank rpm Sliding Condition
Tank Temperature for 1 Minute Date of
Number oF o¢ Graasy Gry Measurement
Friction Facter .12 41
BY-104 158 70 71 73 3/03/85
BY-105 133 56 55 59 4/01/85
BY-106 140 60 6}. 63 4/01/85
BY-107 30 32 33 35 10/07/78
. 8Y-108 99 37 38 40 3/05/85
e BY-110 140 60 61 63 - 5/17/85%
. BY-112 93 34 35 37 6/21/81
~ Cc-101 82.9 28 29 31 1/15/85
: C-108 83 28 29 n 8/05/83
— C-109 87 31 32 34 8/05/83
£-111 83 28 29 31 8/05/83
O c-112 79 26 27 29 8/05/83
te . T-101 72 22 23 25 5/10/83
‘ TY-101 68 20 21 23 11/13/83
s TY-102 65 18 19 21 11/13/83
‘ TY-103 76 24 25 27 2/Q7/81
— TY-104 68 20 21 23 11/13/83
TY-105 89 32 33 35 11/13/83
- TY-106 68 20 21 23 11/13/83
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Article 35 FRICTION IN MACHINES 253

clearance space with a change from zero at the fixed inner surface of the bear-
ing to the peripheral velocity v of the shaft at its outer surface. For the radial
clearance ¢, the velocity gradient has the magnitude |dv/drf = v/c = rw/e,
where w is the angular velocity of the shaft in radians per second. The shear f
stress on the surface of the shaft from Eq. 47 is

| r=al] = 22

LS

and the frictional moment for a bearing of length / with surface area 4 = 2ar/
becomes

M= dr = —-——2“*:’3"" (52)

- r-

where  is the absolute viscosity of the lubricant.
(d) DI ang. Rivot Frichon, Friction between circular surfaces under nor- {.

mal pressure is encountered in pivot bearings, clutch plates, and disk brakes.

Consider the two fiat circular disks of Fig. 79 whose shafts are mounted in

bearings {not shown) so that they can be brought into contact under the

axial force P. The maximum torque that this clutch can transmit will be equal

to the torque M required to slip one disk against the other. If p is the normal !

pressure at any location between the plates, the frictional foree acting or an

elemental area is fp dA, where fis the friction coefficient and dd is the area

r dr d8 of the element. The moment of this elemental friction force about the

shaft axis is fpr dd, and the total moment is

M= | forad

- rearrt i i o

P

)

Figure 79
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where the integral is evaluated over the arex of the disk. To carry out this
integral the variation of /' and p with » must be known, i

In the following examples fis assumed to be constant. Furthermore. if
the surfaces are aew, flat. and well supported. it is reasonuble (o assume that
the pressure p is constant and uniformly distributed so thut =R%p = P. Sub-
stituting this constant value of p in the expression for M gives

.‘d:ﬁ—fhfnrfdrcﬁ):}fPR (53)

TR Y, Y,

This result may be interpreted as being equivalent to the moment due to a
friction force /P acting at a distance 2R/3 from the center of the shaft.

ifstiniricmdisiarreipy®. the limits of integraton are the inside and

outside radii R; and R,, respectively, and the {rictional torque becomes

. - rrtaeacE o R I THET 5 '

e 2

After some wear of the surfaces has taken place. it is found that the fric-
tional moment decreases somewhat. When the wearing-in peried is over, the
surfaces retain their new relative shape and further wear is therefore constant
over the surface, This wear depends on the circumferential distance traveled
and the pressure p. Since the distance traveled is proportional 1o 7, the ex-
pression rp = K may be written. where K is a constant. The value of K is de-
termined by equating the axial forces to zero. or

Pe[pdi=k[ [ drdd=2eKR
th G

With pr = K = P/(2%R), the expression for M may be written

3 = [ fprdd =—._:—J:_£R-f2?fkrdrd9

" ] 1]

which becomes
M = /PR (54)

The frictional moment for worn-in plates is. therefore. only {4)/{3}. or } as
much as for new surfaces.

If the friction disks are rings of inside radius R, and outside radius R,.
substitution of these limits in the integrations shows that the frictional torque
for worn-in surfaces is

M = 1P(R, + Ri) (S4a)

(&) Belr Friction. The impending slippage of flexible members such as belts
and ropes over sieaves and drums is of importance in the design of belt
drives of all types. band brakes. and hoisting rigs. In Fig. 80 is showr a drum
subjected to the two belt tensions Ty and T3, the torque M necessary to pre-
vent. rotation, and a bearing reaction R. With W in the direction shown, T»
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Jenee of letters indicntes that this member
+ s in tension.

" chord there are now two unknown stresses
sccond joiot, The stress HA is of the same

0 the opposite direction. The strem in the
=wion,

vatded with o Zesd Toask of 21,760 b uniformiy
ah A wind load af 13,600 1 i the right side,
ontal cormnponents of the supporting [orees jre
may be determined graphically by Grst axsume-
¢ funieular polygon construction {~e p, 3=13,
external (orces plotted {rotm the reaults of the
offers a check on this most important part of

ud is {18/39)13,600 = 6,400 ib, The & com-

0 be 6.400/2 = 3,200 Ib. The vertical com-

000 1b, Taking moments sbout the right end

T ow80F:., SV = E4,733; F; = 21780 +

000 — 14,733 = 19,027, ’

The polygon of extarnal forces can now be
natructed, ax in Fig. 8. The dottad part of the
sgram i3 the combination of tha dead and wind

ey, amuming that they are each concentrated,

“30 dotted line BA is the resultant of these

s, The supporting forces K4 and 4B are
(“termined by plotting to scale their horizontal

d vertieal componentt as calmiated. The

ivgon of external forces for the truss ia
"DEPGHIJKAB, and must cheek with the

iygon shown dotted. The furces GH, HI, I/,
wihed K 3t the resultants of the forees acting at
¢ joints on the right aide of the truss.

J%-n supporting forces are to be deter-
‘a. '« loads may be concentrated at the
] tion of their resultants, but when
' t., .ofCes are to be detsrmined the loads
=" st be distributed at the various joints, Start

th some joint of the truss where there are only
sam. Fig, 5. The magnitudes of the stresses

.y from the lengths of the corresponding lines

_agram, The nature of the stress {tension or
“iBoration.

[
EA

4 by the truss of Fig. 7. It is impossible
~te the streas diangram, ax it wiil be found
mbers meeting at the left end and at the
w10 joint with less than three unkzown
alty, some unknown stress may be caleu-
i_,;g“ding with the graphical solution.

"5 case is that in the middle member of the
at the middle of the upper chord. 16R4 =
= 13 4 T3 — (1,360 X 30) = 227,600, ..
s dizgram and proceed.

# noting that 7 must be on a line through
agh f parailel to fs and aiso that T'S must
itionship may be indieated by any points
1g a3 T'3’ is parallel to ts. Furthermore,
yer, If T’ and S are arbitrarily selected
However, {7 must lie on a line through ¥
=4 by moving the triangle "SI’ s0 that
she line through ¥ parallel to uv. This
ermined.

e ks

o

Iy
pA sy
ey

A

»

- P e L1 L

FRICTION
BY
Dudley D. Fuller

Rzreaznsces: Bowden and Tabor, “The Friction and Lubrication of Solids.” Oxford.
Fuller, " Theory and Practice of Lubrication for Engineers,” Wiley. Ham and Crane. “Me-
chanics of Machinery,” McGraw-Hill, Bevea, *Theory of .\_{achinea." Longmans, Vailance
and Doughtie, “Design of Machine Mémbets.” McGraw-Hill,

Friction is the resistance that is encountered when two solid surfaces slide or tend
to slide over each other. The surfaces may be either dry or lubricated. In the fr=t
case, when the surfaces are free from contaminating fuids, or films, the resistance is
called dry friction.  The friction of brake shoes on the rim of 2 wheel is an example of
drv friction.

" When the rubbing surfaces are separated from each other by a2 very thin Alm of
lubricant, the friction is that of . e . The lubrication
depends in this case on the strong adhesion of the lubricant to the material of the rubbing
surfaces: the layers of Iubricant slip over each other instead of the dry surfaces, A
journal when starting, reversing, or turning at very low speed under a heavy load i
an example of the condition that will cause boundary lubrieation. Other examples are
geur teeth (especially hypoid gears), cutting tools, wire-drawing dies, power screws,
bridge trunions, aod the running-in process of most lubricated surfaces.

When the lubrication is arranged 2o that the rubbing surizces are separated by a
fluid film, and the load on the surfaces is carried entirely by the hydrostatic or hydro-
dvnamie presire in the filny, the friction is that of complete (or viscous) [ubrication,
In this caze, the frictional losses are due solely to the internal fluid friction in the Glm.
Oil ring bearings, beurings with (orced feed of oil, pivoted shoe-type thrust bearings
operating in un oil bath, hydrostatic oil pads, oil lifts, und step bearings wre instances
of complete lubriestion.

Incomplete lubrication or mixed lubrication tukes place when the load on the rubbing
surfaces is carried partly by & fiuid viscoue film and partly by arens of boundary lubrica-
tion. The friction iz intermediate hetween that of fuid and
houadary lubrication. Incomplete lubrication exists in bear- P
ings with drop-feed, waste-packed, or wick-fed lubrication, or
an the guides of a crosshead.

STATIC AND SLIDING COEFFICIENTS OF FRICTION 90-

In the absence of friction, the resultant of the forres berween N
the surfaces of two txwdies pressing upon each other is normal
to the surface of contact. With {riction, the resuftant deviates Fio. 1
{rom the normal.

If one body is pressed against another by a force P, as in Fig. 1, the frst body will
not move, provided the angle ao included between the line of action of the foree and 2
normal to the surfaces in contact does not exceed a certain value which depends upon
the nature of the surfaces. The resuitant force R has the same magnitude and line of
action as the force P. In Fig. 1, R is resolved into two components: a force ¥ normal
to the surfaces in contact and a force F, parallel to the surfaces in contact. From the
above statement it follows that

Fv staOS‘vfl
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where fo = Lun o in enllesd the cooflicient of frictlon of rest (or of atatlc friction) mul e
in the angle of {riction of rost (or nugle of repoac).

If the nortaed fora: N betwoen the mslees $a kept conntant, and tho tangential
forcs Fe i gradanlly increwsed, there will b no nation whils #, < Nfe. A stals of
impending molion i renched when K, senes e valuo of Nfo.  1i onu surfucoe slides over
the other, heing prossuad together hy 0 normat foreo N, u frictione] fofos F resisting the
wtion st be overcome,  “Phiz foree in usunlly umnllcr than #,. Tho force F s
vommonly expresae as 2 = fN, where f iy Qw coefficient of sliding friction, or kingtic
feiction.  fn the cange of practienl veloeitica of sliding, the cocllicienta of wliding friction
wre winller s thie covflicients of sintiz frietion,  With sieall velocities of sliding and
very dlean parfnees, e bwo coelficicata do not dilfer apprecinbly.

Hauder punderaie pressuces, e frictiounl foree 3 proportionad to the 'normal load
un the rubbing suclueca, 14 g independent of the presaure pecanit aean of Ui sucfoees.
Pl conellicient of Seiction i approstntely independent of the robhiog speed, when the
spevd ia mlficiently low s oam nob o offect the temperatuce of the saelece; ot bigher
velocitivs, the cuellieient of riction deerenned us the veloeily increnses,

Pha coelficients of friction Tor dry surfases (dey friction) depond on the mntariels
sliding over ench other and on the finshed condition of the surfuces,  Wilh greasy
(honelnry ) Jubrieadion, tus eoeflicienty depend both on tho nuderialy god conditions
ol the surfnees nisd oo the lubricants cmployed.

Coellicients of friction are vensitive 1o atmospherits dual and hamidity, oxide filae,
surlnea findnh, veloeity of sliding, tomperature, vibration, sed tha extent of contumi-
mtion. o many instanees 1he degree of sontumination is perlinps the mest importaat
single varinble,  For example, in the tablo below, values foy the static coclficient of
frivtion of steck an steel are listed, wncd, depending upon tho degreae of coutaminstion of
the apecimeny, the cocllivient of Teiclion vories eflectively from = {infinity) 10 0.08L

RIPVIHD AND SLUBNG COEFFIOTENTS 01 FRICUION

Cuefficlents of Stetic Friction for Steel on Steel

Lewt comliliun fo Itat.*
1 -
fheguamnl wb elovated teaspin lnixls YRCII . .., .. {welll vn cuntact) b1 ]
Grepae-free In vacwmm. .. ... . P 038 I
Grena-frow in wis. e e ieneee . 0.39 [}
Clean und cunted \vll.ln ul-n: B I.l .................. ['N]] 1
lean wnild gostod with soliation of nhum.. urid 0.413 1

* Hee (outnute Lo Tublbs 1.

The woat efleelive lubricants Tor nen-Buid fubricalion are generully these which
neaet chewienlly with the solid surfies uod form un adhering Glm that is attashed to the
surfnee with s elusnieal bund.  This setion depesds upon the nature of the lubricant wind
upeon L renetivity of tho solid surface.  The table helow indicates thul o fulty achd,
siteh un found i saimal, vegetuble, nnd marine oils, reduces the caelficient of friction
morkediy vuly if it enn react elfcatively with ihe solid surfuce.  Puruliin ofl s almout
enmpletely noi-venitive,

Vilues in Pkl 1 of dlicking and stutie coeflicicnta have heen selected Iargely from
recent investigations where theso varishles have been very earefully controllal,  They

Fonerork, Tank | (o)

well, Jowr. SAE, HIE; 18} Htanton, ' Fiiction,” Langiuans; (10} l:.tuus atid Morchant, Conference on
Feictivg and Burfase Fwiads, MLL, 1050; (17) Qoungwer, Cunforence v Frictiva anil $urluce Finil,
M.ISE., 169310; (1d) Mardy sml Illn.mmhlw FPrec. Buy. Sve., 1025; {10} Hurdy and Hurdy, 0Ll Yag., 1Y
() Ilumh 200 uml Young, Proc. Rop. Sec., T05L; (25) Bundy ll'lll Duulloday, Prec, Roy, Hac., 103I; (1) lluw-
den annd Tnbwr, “'Tho Friction ewd l.ul.u'i-:ulinn ul Hudicke,” Osford; (1) Shoutar, Runrd. 4. 1u3l.

ta) Qliia wedd; () Atlautic spindle oil (Jight winerul); ()} vunlor oil; (@) lurd wil; (a) Atlantio spladis o)
e 2 gareont abein wciddg () medivgm winernd oil; (@) mediug wisoral ol plos 34 peecent wleia neid; (A) stearly
aciud; {0) grenaw (oioo vahlo baend; () kenpldio; (K) tarldne oi) plus | pescont grsplidte; () turbine ofl gdus §
pareunt staarle acid; (m} trbing wll Ooedinue wineral); (n) olive ail; () patinitla sebils {g) risinolvla wel;
{o) ey muuge; Ge) bned; Q) watens {6) fup wil (6) 3-in-0 46d; (e} anctyl ulrulml () trivleln; (u) ¥ proecent lluth
weid 4 pacalha vit.
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Friction

Factor

S1iding
Greasy

0.12

Stiding
Dry

0.41

Static
Greasy

0.23

Static
Dry

0.78

Temperature rise are based on the results

TABLE A.1

R e R o Lt D L A e b A e e

. Based on Tank Temperature of BY-104 (1589F, 700C)
for 500 rpm Drill Speed and 6 minute Spin Time

Heat Generation
KBTU/hr ft3
Temperature Rise
oF
oC
Driil Bit Temperature
oF -
g

Heat Generation
KBTU/hr ft3
Temperature Rise

of

oC

Drill Bit Temperature
oF
ocC

Heat Generatijon
KBTU/hr 13
Temperature Rise
oF
oC
Drill Bit Temperature
of
oC

Heat Generation
KBTU/hr ft3
Temperature rise
ofF
o¢
Drill Bit Temperature
oF
oC

Pressure Applied, psi

0 500 1000 1500 2000
504 7312 14120 20928 27736
1 14 27 41 54
.5 7 15 22 30
15¢ ° 172 185 199 212
71 78 85 93 100
1723 24984 48245 71506 94766
3 49 94 140 186

2 27 53 78 103
161 207 253 298 344
71 97 123 148 173
966 14015 27064 40113 53161
2 28 53 79 104

1 15 30 44 58
160 186 211 237 262
71 85 100 114 128
3279 47531 91783 136035 180288
6 93 180 267 354

4 52 100 148 197
164 251 338 425 512
74 122 170 218 267

of HEATINGS runs.
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Friction

Factor

Sliding
Greasy

0.12

Sliding
Dry

0.41

Static
Greasy

0.23

Static
Ory

0.78

TABLE A.2

Based on Tank Temperature of BY-104 (158¢F, 700C)
for 200 rpm Drill Speed and One Minute Spin Time

Heat Generation
KBTU/hr ft3
Temperature Rise
OF
oc
Drill Bit Temperature
oF
oC

Heat Generation
KBTU/hr ft3
Temperature Rise
ofF
o¢
ODrill Bit Temperature
OF
oC

Heat Generation
KBTU/hr ft3
Temperature Rise
oF
oc
Drill Bit Temperature
oF
oc

Heat Generation
KBTU/hr ft3
Temperature rise
oF
oC
Drill Bit Temperature
oF
oC

Pressure Applied, psi

e

0 500 1000 1500 2000
201 2925 5648 8371 11094
.19 2.8 5.4 8.0 11
11 1.6 3.0 4.5 5.
158 161 163 166 169
70 72 73 74 76
689 9994 19298 28602 37906
0.66 9.6 18 27 36
0.37 5.3 10 15 20
159 168 176 185 194
70 75 80 85 90
386 5606 10825 16045 21264
.37 5.4 10 15 20
.21 3.0 5.8 8.5 11
158 163 168 173 178
70 73 76 79 81
1311 19012 36713 54414 72115
1.3 18 3 52 69
.7 10 20 29 38
159 176 193 210 227
71 80 90 99 108

Temperatura rise are based on the results of HEATINGS runs,

ravansdpergeinl -
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APPENDIX B

Assumptions and Simplifications -

Several simplifications and assumptions were made in order to model the

sampling of the waste in single-shell tanks using the HEATINGS heat transfer

computer code. The following is a 1ist of assumptions and physical data used
in this analysis.

1.

2.

Heat transfer across air spaces in the tank is by radijatien and natural
convection.

Thermaodynamic properties of the concrete in the dome wers assumed to be
equal to soil properties to simplify modeling. The real concrete
properties were used in the tank walls and base. This assumption will
make the dome temperature slightly higher.

An adiabatic or insulated boundary was placed at a radial distance of 60
feat from the tank center. This assumptions is reasonable apd simulates
a tank in the middle of a large array of tanks, all generating the same
amount of heat,

Lower boundary was placed at 200 feet below grade level at a constant
550F,

A forced convection boundary condition was placed on the soil surface,
simulation heat transfer to the atmosphere at 700F with a heat transfer
coefficient of 2.0 BTU/hr ftZOF,

The metal of the primary and secondary shells were ignored.
The heat transfer up the drill string was included in the modeling.

Axisymmetric symmetry is assumed. The two-dimensional cylinder (R, Z
coordinates) heat transfer models are defined in Figure B.l. This
assumption tends to make the calculations conservative by reducing the
surface area through which heat is transferred to the upper and lower
boundaries.

The waste is assumed to be cylindrical slab of uniform thickness, thermal
conductivity, and power density. Actual tanks have layered solids and
varying degrees of nonuniformity of thermal properties. The resultant
temperatures may be somewhat higher or lower, depending on how the heat-
generating material is distributor,
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Physical properties:

Thermal

Specific

Conductivity - Densit Heat
Material BTU/ft hr OF 1b/ft BTU/1b OF
Soil .25 113 .22
Concrete : .54 144 .21
Drill String 30.0 491 .11
Waste 1.0 1.0 22.60

(Yolumetric
‘ Specific Heat)

Insulating
Concrete .11 62.0 .2

Soil, concrete, and insulating concrete values from Reference 1.
Waste property from Reference 2.

Drill String Properties is for carbon steel,
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e FIGIRE B.1 Single-Shell Tank Heat Transfer Model.
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